
Introduction

Some studies have shown that patients with low back
pain are more easily fatigued in their back muscles than
people without back pain [4, 29, 54, 61]. As a result of
fatigue, the endurance time to back muscle exhaustion
during a sub-maximal isometric holding test becomes
shorter, which might be a risk factor for low back pain

[1, 5, 36]. Measures of back muscle fatigue and endur-
ance are either objective, i.e. endurance time and elec-
tromyography (EMG), or subjective, i.e. ratings by the
person experiencing the fatigue.

When muscles fatigue, the median frequency (MF) of
the EMG power spectrum shifts to lower frequencies,
due to altered muscle fibre recruitment and other changes
in the contractile apparatus [2, 14]. Electromyography

Åsa Dedering

Karin Harms-Ringdahl

Gunnar Nèmeth

Back extensor muscle fatigue in patients
with lumbar disc herniation

Pre-operative and post-operative analysis
of electromyography, endurance time
and subjective factors

Received: 15 May 2002
Revised: 5 March 2005
Accepted: 12 March 2005
Published online: 7 June 2005
� Springer-Verlag 2005

Abstract We investigated back
muscle fatigue and endurance in
patients with lumbar disc herniation
before and after surgery, and estab-
lished the degree of association be-
tween perceived fatigue and
objectively measured fatigue. Addi-
tionally, the relationships between
muscle fatigue and endurance time
on the one hand, and activity, par-
ticipation, self-efficacy and health on
the other, were investigated to clar-
ify the grades of association between
these factors. Forty-three consecu-
tive patients with lumbar disc her-
niation were tested before surgery
and 4 weeks after surgery. The pro-
tocol comprised an isometric endur-
ance test (modified Sørensen’s test)
with concomitant measures of elec-
tromyography, and Borg ratings of
pain and fatigue. To measure activ-
ity, participation, self-efficacy and
health, the patients also filled in
questionnaires. Results showed a
post-operatively significant
improvement in lumbar muscle fati-
gue expressed as a flatter L5 slope

for the men. No significant
improvement was found for endur-
ance times or for Borg ratings.
Endurance time correlated with
questionnaire answers on physical
activity, the Roland–Morris, the
Oswestry, self-efficacy and some
items of the SF-36 with correlation
coefficients ranging from 0.52 to
0.91. The L5 slope correlated with
the Roland–Morris, the Oswestry
and some items of the SF-36 only in
women with correlation coefficients
between 0.53 and 0.77. We conclude
that the effects of surgery reduced
muscle fatigue for the men. There is
an association between muscle fati-
gue and endurance with activity
limitations, participation restric-
tions, self-efficacy and health in pa-
tients undergoing surgery for lumbar
disc herniation.
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is regarded as an objective reflection of muscle fatigue.
Even though muscle fatigue seems to be mostly periph-
eral, in healthy subjects as well as in patients experi-
encing back pain, a central activation deficit due to pain
and lack of motivation cannot be excluded [7]. Psycho-
social factors influence physical factors. Beliefs regard-
ing self-efficacy affect the outcome of physical
performance tests [18]. Fear-avoidance and self-efficacy
beliefs interact to reduce physical activity, and might
contribute to activity limitations [8, 33]. Correspond-
ingly, the main effects of therapies for low back pain
might not be due to a reversal of physical weakness but
to altered perception of pain and activity limitations
[42].

When measuring subjective experience of lumbar
muscle fatigue, patients experiencing low back pain rate
their fatigue higher than those do without back pain
[59]. Subjective ratings also correspond well with the
EMG measures and endurance time-to-force-failure in
healthy subjects [10]. On the other hand, there has been
a low correlation between the EMG and subjective rat-
ings in protocols with short contraction times requiring
a high level of effort. In these kinds of protocol, the
former experience of physical effort is important and
therefore the subjective rating probably reflects an
additional aspect of fatigue [12, 15]. Thus, psychological
aspects of muscle fatigue seem to affect performance
outcomes. For this reason, subjects’ experience of fati-
gue together with assessment and other personal factors
such as self-efficacy beliefs add valuable information to
the objective measures when assessing lumbar muscle
fatigue.

Patients with pain due to lumbar disc herniation
mostly suffer from sciatica but they can also have pain
from the lower back [63] due to algogenic substances
from the disc [51], as well as ischaemia or altered use of
back muscles [25]. They also report activity limitations
and low-health status [52]. Treatment for lumbar disc
herniation includes conservative intervention and sur-
gery [23, 27]. Impaired trunk muscle performance due to
surgery has been reported as decreased trunk strength
and lifting ability. Restricted lumbar motion has also
been found [22, 45]. Patients with lumbar disc herniation
have shorter endurance times and lower MF slopes than
healthy subjects before surgery, which improved with
post-operative rehabilitation [13]. Patients reportedly
benefit from intensive post-operative training pro-
grammes [9, 30, 37].

The aim of the current study was to investigate back
muscle fatigue and endurance in patients with lumbar
disc herniation before and after surgery and to establish
the degree of association between perceived fatigue and
objectively measured fatigue. In addition, we investi-
gated the relation between muscle fatigue and endurance
versus activity, participation, self-efficacy and health to
clarify the grade of association between these factors.

Subjects and methods

Subjects

Patients

Forty-three patients (27 men and 16 women) with lum-
bar disc herniation who fulfilled standard clinical criteria
to be treated surgically with a microdiscectomy partici-
pated consecutively in this prospective study. The pa-
tients underwent surgery in the spring of 2000 or the
autumn of 2001 by one of four spinal surgeons, skilled at
performing microdiscectomy. Inclusion criteria were: a
disc herniation at the spinal levels L4–L5 (n = 16) or
L5–S1 (n = 27) diagnosed with magnetic resonance
imaging (MRI), clinical findings in accordance with the
radiological findings, ability to read and write Swedish
and age, below 65 years. Patients with previous back
surgery, multiple disc herniations, spinal stenosis,
spondylolysis, spondylolistheses or other spinal deficits
were excluded. All patients gave their informed consent
and the study was approved by the Local Ethics Com-
mittee at the Karolinska Hospital.

Patients’ physical characteristics and pain parameters
are presented in Table 1. The current pain duration was
defined as the last episode of pain, which led to surgery.
Twenty-one patients had experienced back pain before
the present episode (15 men (10–240 mo.), six women
(11–240 mo.)). Twenty-two patients had been on sick
leave before the operation (10 men (1–36 mo.), 12 wo-
men (0.5–16 mo.)) and 14 patients had physiotherapy
treatment regularly before surgery (10 men (1–4 mo.),
four women (2–14 mo.)). No significant difference was
present between men and women regarding age, BMI,
pain duration, time for sick leave and physiotherapy. To
further characterise the patients, they underwent a
clinical examination by a physiotherapist including
inspection, functional tests, straight-leg-raising test,
manual testing for muscle weakness and palpation.

Table 1 Patients’ physical characteristics (mean and SD), current
pain duration, and straight leg-raising test (SLR)

Variable All patients
(n = 43)

Men
(n = 27)

Women
(n = 16)

p-value

Age (years) 42.2 (11.0) 42.2 (11.5) 42.2 (10.4) 0.999
Weight (kg) 77.9 (12.3) 82.7 (9.5) 69.7 (12.3) <0.001***
Height (m) 1.76 (0.09) 1.80 (0.06) 1.68 (0.06) <0.001***
BMI (kg/m2) 25.2 (3.4) 25.5 (3.4) 24.7 (3.4) 0.444
Pain duration
(mo.)

8.4 (4.7) 8.2 (4.7) 8.8 (4.7) 0.692

SLR (�) 44 (21) 51 (19) 33 (20) 0.005**

The level of significant difference between men and women is pre-
sented
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The patients in the current study were compared to
healthy subjects from a former study where the same test
protocol was used [10].

Physical activity

The patient’s level of physical activity was self-rated
using a six-grade scale (the more physically active, the
higher the score) [20]. For men, the median (25th–75th
percentile) physical activity level was 3 (2–3), and for the
women 2.5 (2–3). No significant difference was present
between men and women for the physical activity scores.

Dropouts

Thirty-six of the 43 patients completed all tests. On entry
to the study, two women were not able to do the
endurance test due to severe back pain and leg pain in
the test position, both presenting with positive crossed
Lasegue’s sign. However, they were successfully tested
on the retest 4 weeks after surgery. On this retest, two
women and one man could not do the endurance test
due to back pain. All three had endurance times shorter
than 60 s before surgery. Two patients did not show up
to the post-operative test due to hospital treatment at
inpatient clinics, one woman for post-operative infection
and one man for severe dizziness.

Testing procedure

The assessments described below were carried out by
one of the authors (Å D), 2 weeks to 1 day before sur-
gery and 4 weeks after surgery. A one-year and a two-
year follow-up with the same assessments will be pre-
sented in a separate article.

Muscle fatigue test

A modified Sørensen’s test, an isometric trunk holding
test to exhaustion, was performed [10]. The subjects lay
prone on a bench with the lower extremities tightly se-
cured with straps at hips, knees and ankles. The modi-
fication was to have the hips flexed 40�. The original
Sørensen’s test is performed with straight hips [5].
During the test, the patients held the upper trunk hori-
zontal and unsupported for as long as possible. They
were unaware of the time that passed and no verbal
encouragement was given. Endurance times measured
were rounded down to the closest 5 s, but times less than
15 s were rounded down to the closest second.

Surface EMG

During the modified Sørensen’s test, surface EMG was
used for recordings of the rate of muscle fatigue as

measured by MF shifts. After cleaning the skin of the
lower back thoroughly with alcohol, four pairs of self-
adhesive EMG surface electrodes (Blue Sensor N-00-S,
Medicotest) were applied in the middle of the erector
spine muscle belly bilaterally at L1 and L5, respectively.
The centre-to-centre distance was 20 mm. A ground
electrode (Blue Sensor N-00-VL Medicotest) was placed
at the left, lateral malleolus. The raw EMG signals were
recorded at a sampling rate of 1,000 Hz, band-pass fil-
tered (10–800 Hz), analogue-to-digital converted and
stored on a computer. Ideally, the bandwidth upper
value should not exceed 500 Hz. The aliasing effect, due
to excessive bandwidth, was 1 Hz for frequencies over
200 Hz, and did not affect the results. A Hanning win-
dow was used prior to applying a fast Fourier transform
algorithm for every 1-s period, and the MF was drawn
from the power spectrum.

Borg CR-10 scale

The Borg CR-10 scale [50] was used to assess back
muscle fatigue and back pain and leg pain, respectively.
Assessments were made before the test started in the test
position, resting with supported trunk. During the
modified Sørensen’s test, fatigue was assessed every 15 s
and back pain and leg pain every 30 s.

Questionnaires measuring activity, participation,
self-efficacy and health

The patients filled out four questionnaires: (1) the
Oswestry disability questionnaire [19], (2) the Roland–
Morris disability questionnaire [28, 53], (3) the Self-
efficacy scale [18] and (4) the generic medical outcomes
study short form 36-item questionnaire (SF-36) [55].

Oswestry and Roland–Morris are designed to evalu-
ate patients with low back pain and are among the most
used questionnaires for the patient category [3, 31]. The
SF-36 and Roland–Morris have shown high correlation
to symptoms and clinical findings in patients with sci-
atica, indicating that the questionnaire is valid for this
patient category [52]. The Self-efficacy scale is a strong
predictor of isokinetic strength in patients with back
pain [18].

Data analysis

EMG

A mean of the MF during the initial 5 s (MF initial), a
mean of the 5 s at the end (MF end), the MF decrease
(MF initial—MF end), an MF slope of the linear
regression over time normalised to the initial MF (MF
slope), were calculated. An ANOVA was used to check
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for differences between electrode sites for the MF slope
and the MF initial values. Since there was no difference
between right and left at group level, the mean for each
spinal level was used. This increases reliability [32]. An
analysis of the difference between affected side and
unaffected side normalised to the mean of the sides was
also done. Affected side was first defined as the side of
the surgical incision, then the side of the sciatica and
then the side of the lumbar scoliosis. None of the ap-
proaches showed any side differences.

The EMG disturbances were present in four cases,
affecting random channels and leading to exclusion. In
those four cases, the existing right- or left-side value was
used instead of the calculated mean. The frequency
reduction at the time of Borg ratings 3, 5 and 7 in
relation to the total reduction was also calculated, which
is similar to analysis of healthy subjects done in an
earlier study [10]. The mean 5 s of the MF at Borg rat-
ings 3, 5 and 7, respectively, was therefore calculated. A
mean of the four electrode sites was used.

Endurance time

A similar approach was followed with endurance time as
with MF. The fixed endurance time at Borg ratings 3, 5
and 7, respectively, was divided by the subject’s total
endurance time.

Borg CR-10 scale

The ratings before the test started and the ratings at the
end of the test and the ratings of fatigue at 1–3 min were
used in the analyses.

Questionnaires

For the Roland–Morris, the ‘yes’ answers were counted
(maximum 24). The ten questions of the Oswestry were:
pain-intensity, personal care, lifting, walking, sitting,
standing, sleeping, sexual life, social life and travelling.
For the Self-efficacy scale, a time estimate (eight cate-
gories) of the patient’s beliefs in performing physical
activities was assessed. The questions, were: walking,
running, carrying, standing, bicycling, sitting in an
armchair, sitting at a table and working bent forwards.
The questions of the SF-36 were re-coded, transformed
and analysed according to instructions from the inven-
tors. The scores of eight sub-scales were calculated:
physical functioning, role-physical, bodily pain, general
health, vitality, social functioning, role-emotional and
mental health. For the Self-efficacy scale and the SF-36,
the higher the score, the higher the activity level; for the
Oswestry and the Roland–Morris, the higher the score,
the more limited the activity. One author has addressed
a risk of invalidating measurement results by using sum

scores of questionnaires [57, 58]. Both sum scores of
each questionnaire and results of each questionnaire
item are therefore presented.

Statistics

For statistical analysis, the SPSS computer software was
used, significance level 5%. The statistical hypothesis
was that no changes were present between before and
after the surgery. The accompanying statistical tests for
each variable were:

– An ANOVA with repeated measures and with men
and women as between-subject factor was used for
each of the variables MF initial, MF end, MF slope
and endurance time since these data were considered
continuous. The Roland–Morris was considered
continuous, and plotting all the data from the ques-
tionnaire indicated that was normally distributed. The
items of the questionnaires Oswestry, Self-efficacy
scale and SF-36, were considered to be ordered cate-
gorical data. When sum scores were used, the data
were already treated as continuous and an ANOVA
was used.

– A Friedman ANOVA test was used for each of the
variables Borg ratings of fatigue and pain and for each
questionnaire item.

– A McNemar test was done for the clinical examina-
tion since the data was nominal.

Spearman’s correlation coefficients were used to de-
scribe correlation. Correlation coefficients (absolute
values) ranging from 0.00 to 0.25 represented little if any
correlation, 0.26–0.49 represented low correlation, 0.50–
0.69 represented moderate correlation, 0.70–0.89 repre-
sented high correlation and 0.90–1.00 represented very
high correlation [49].

Results

Short-term outcome of surgery

The clinical examination revealed significantly fewer
men with: radiating leg pain, lumbar scoliosis, limping
and reduced strength in one lower extremity compared
to the other 4 weeks after surgery. For the women, only
the radiating leg pain was significantly less after surgery.
In both men and women, the perceived leg pain at the
end of the endurance test was significantly reduced after
surgery (Table 2). Significant improvement after surgery
was present for the men for the perceived leg pain before
the test started and for women for the perceived back
pain at the same point. The perceived fatigue did not
improve with surgery. The scores from the question-
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naires improved significantly after surgery compared to
before, and the women scored significantly worse than
the men both before and after surgery (Table 3). The
Oswestry questionnaire scores for the men improved
significantly on eight items of ten, the exceptions being
‘‘lifting’’ and ‘‘sitting’’. For women, six items of ten
improved significantly, with ‘‘lifting’’, ‘‘sitting’’, ‘‘sexual
life’’ and ‘‘travelling’’ as the exceptions. Scores on the
Self-efficacy scale for men improved significantly on five
items of eight: ‘‘walking’’, ‘‘standing’’, ‘‘bicycling’’,
‘‘sitting in an armchair’’ and ‘‘sitting at a table’’. For the
women, four items of eight improved: ‘‘running’’,
‘‘standing’’, ‘‘sitting in an armchair’’ and ‘‘sitting at a
table’’. All the SF-36 sub-scales for men improved ex-
cept ‘‘role-physical’’ and ‘‘general health’’. For women,
only ‘‘physical-functioning’’ and ‘‘mental-health’’ im-
proved significantly.

Electromyography

The MF slope

The L5 MF slopes were flatter for the men after surgery
(Table 4). For the L1 MF slopes, no differences were
found. The female patients had significantly steeper
slopes than the healthy women did. One woman with 8-s
endurance time had extreme slope values of the L1 and L5

and was therefore excluded from the ANOVA. No tech-
nical disturbances were seen in the EMG for this patient.

Initial and end median frequencies

Comparing the initial MF before and after surgery re-
vealed a significant difference at both L1 and L5 levels
(Table 4). End MF differed only at L1 level. There was a
significant influence of gender for the initial MF at both
L1 and L5 levels with an interaction effect showing that
only the men decreased in initial MF at L5 after surgery.
However, there was no gender influence on end MF
values. Compared to the healthy men, the male patients
had significantly higher end MF.

Relative change in MF at Borg ratings 3, 5 and 7

The relative MF at Borg ratings 3, 5 and 7 were 35, 68
and 85% before surgery and 37, 69 and 89% after sur-
gery (Fig. 1).

Endurance time

No significant difference was revealed between endur-
ance times before and 4 weeks after surgery. However,
there was a difference between men and women, with

Table 2 Subjective measures: Borg ratings of leg pain and back pain initially and at the end of the endurance contraction before and
4 weeks after surgery, for men and women separately (median and 25:e-75: e percentile)

Borg rating Men Women

Before
(n = 27)

After
(n = 25)

p-value Before
(n = 14)

After
(n = 12)

p-value

Initial leg pain 1 (0–2) 0 (0–0.5) 0.005** 1.25 (0–2) 0 (0–0.6) 0.157
Initial back pain 0 (0–1) 0 (0–0.5) 0.248 1.5 (0.5–2) 0 (0–0) 0.034*
End leg pain 5 (3–7) 0.5 (0–3) < 0.001*** 5 (2–8) 2.75 (0–4.5) 0.008**
End back pain 3 (2–6) 3 (1–6) 0.827 2.85 (0. 5–7) 2.25 (0.5–4.5) 0.739

Table 3 Mean (SD) sum scores
of the questionnaires Roland-
Morris (possible range 0–24),
Oswestry (% of possible score)
and self-efficacy scale (% of
possible score)

Before surgery After surgery ANOVA

psurgery pgender psurgeryXgender

Roland–Morris
Men 10.8 (5.0) 6.4 (3.3) < 0.001*** < 0.001*** 0.882
Women 16.5 (3.3) 11.7 (6.1)
Oswestry

Men 36 (15) 18 (12) 0.001*** 0.002 0.905
Women 50 (14) 31 (22)

Self-efficacy
Men 56 (16) 72 (16) < 0.001*** 0.005 0.595
Women 44 (16) 56 (21)
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women’s endurance times being significantly shorter
both before and after surgery (Table 4). Before surgery,
termination of the test was due to fatigue for 29 patients,
back pain or leg pain for nine patients and other reasons
for three patients (n = 41). After surgery, termination
was due to fatigue for 35 patients, back pain or leg pain
for 1 and other reasons for 2 (n = 37). Compared to the
healthy subjects, the patients had significantly shorter
endurance times (Table 4). The relative mean endurance
times at Borg ratings 3, 5 and 7 were 30, 62 and 84%
before surgery and 43, 64 and 85% after surgery
(Fig. 2).

Correlation between endurance time and EMG slope
versus Borg ratings of muscle fatigue

For the patients, moderate-to-high correlation was
found between Borg scale ratings at 2–3 min and
endurance time (Table 5). Correlation coefficients

between Borg ratings versus slope and endurance time
versus slope were low.

Correlation of questionnaire scores with endurance time
and MF slope

Generally, for all the questionnaires, the correlation
between the questionnaire scores with the endurance
time and MF slopes at L5 was best for the women after
surgery (Table 6). The correlation coefficients were
generally better for the L5 slope than the L1 slope.
Women with long endurance times scored high on
physical activity and self-efficacy and low on the Ro-
land–Morris and Oswestry questionnaires. Women with
steep slopes scored high on the Roland–Morris and
Oswestry questionnaires. Before surgery, men with long
endurance times scored high physical activity and low on
the Roland–Morris questionnaire. Men had low corre-
lation between L5 slope and the questionnaire answers.

Table 4 Comparison between (1) patients before and after surgery (men n= 25, women n= 11) (ANOVA) (2) healthy subjects (men n=
25, women n = 25) from a previous study using the same fatigue-testing procedure [10] versus the patients (t-test), for the MF slope (%
s)1), initial (Hz) and end (Hz) and endurance time

Patients ANOVA Healthy
subjects

t-test

Before After psurgery pgender psurgeryXgender ppost-hoc pbefore-healthy pafter-healthy

L1 slope a

All )0.11 (0.12) )0.14 (0.07)
Men )0.13 (0.06) )0.13 (0.06) 0.155 0.621 0.160 )0.13 (0.06) 0.983 0.994
Women )0.08 (0.22) )0.16 (0.09) )0.09 (0.05) 0.127 0.213

L5 slope a

All )0.20 (0.13) )0.18 (0.13)
Men )0.19 (0.06) )0.16 (0.08) 0.630 0.370 0.027* 0.045* )0.17 (0.07) 0.219 0.950
Women )0.20 (0.15) )0.23 (0.21) 0.265 )0.12 (0.06) 0.047* 0.021*

L1 initial
All 58 (7.4) 54 (7.3)
Men 60 (7.2) 56 (7.4) < 0.001*** 0.006* 0.672 62 (12) 0.344 < 0.001***
Women 53 (6.2) 49 (4.3) 67 (11) < 0.001*** < 0.001***

L1 end
All 45 (7.1) 42 (6.9)
Men 45 (6.1) 42 (6.6) < 0.001*** 0.952 0.271 37 (9.0) < 0.001*** 0.021*
Women 46 (9.2) 40 (7.8) 45 (9.7) 0.761 0.235

L5 initial
All 76 (18) 66 (13)
Men 82 (15) 69 (13) 0.002* < 0.001*** 0.010** < 0.001*** 86 (17) 0.398 < 0.001***
Women 60 (12) 59 (12) 0.731 89 (15) < 0.001*** < 0.001***

L5 end
All 50 (9.5) 47 (9.5)
Men 52 (10) 47 (9.8) 0.154 0.466 0.124 41 (14) 0.003** 0.088
Women 47 (6.4) 47 (9.3) 52 (13) 0.235 0.277

Endurance
All 175 (72) 187 (86)
Men 201 (58) 216 (78) 0.337 < 0.001*** 0.622 385 (127) < 0.001*** < 0.001***
Women 117 (68) 121 (70) 380 (144) < 0.001*** < 0.001***

a For the L1 and L5 slope one more woman was excluded due to too extreme values
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Discussion

The current study showed that male patients with a
lumbar disc herniation were less fatigued (flatter L5
slope) in back extensor muscles four weeks after surgery
than before. However, muscle fatigue did not improve to
such an extent that muscle endurance time and rated
fatigue improved. After surgery, the subjects improved
significantly on the ratings of leg pain, clinical exami-
nation and the questionnaires measuring activity, par-
ticipation, self-efficacy and health. The endurance time
was moderately to highly correlated to physical activity,
Roland–Morris, Oswestry and self-efficacy scale. The L5
slope was moderately correlated to the Roland–Morris
and the Oswestry for women only.

One limitation of the current study was that the
number of subjects was chosen for 80% statistical power
for the whole group. Our sample size was large enough
to detect differences of more than 0.02% s)1 for the L5
slope, 4 or 8 Hz for initial MF at the L1 and L5 levels,
respectively, and above 30 s for the endurance time if
such occurred. These values were taken from earlier
studies [10, 11]. Men and women were presented sepa-
rately even though a gender comparison was not the aim
of the study because the men were in significantly better
physical condition (straight leg-raising test and endur-
ance time) than the women. We did no statistical com-
parison apart from subjects’ characteristics and the
interaction effect in the ANOVA. This was because of
the design limitation with too few women, resulting in
insufficient statistical power. There were 63% men and
37% women, which resembles the gender distribution in
other studies using consecutive selection of patients with
lumbar disc herniation [22, 64].

The gender aspect was, however, important for the
current study. Back extensor fatigue improved with
surgery for the men only. The reason might have been a
significantly lower initial MF only seen for men at the
L5. The EMG changes found in both men and women
could, however, partly be an effect of the surgical ap-
proach, including detachment of erector spinae from the
spinous processes and laminae. During a lumbar disc-
ectomy, there is a risk of muscle injury [22], which might
lead to altered muscle function.

The men also improved significantly on more physi-
cal examination tests and more questionnaire items than
the women. The women had significantly shorter
endurance times than the men both before and after
surgery. Earlier studies indicate the opposite for healthy,
i.e. that healthy men’s endurance times are shorter than,
or equal to, healthy women’s [10, 39]. In patients with
low back pain, an association between physical activity
and back muscle endurance is reported [48]. Due to the
disc herniation, both our men and our women decreased
their level of physical activity significantly. Prolonged

Fig. 1 Box-plot of percentage of MF change at Borg ratings of
perceived fatigue 3 (moderate), 5 (strong) and 7 (very strong) for
patients before and after surgery. N number of subjects in each box.
The boxes represent the interquartile range, which contains 50% of
the values. The whiskers show the extremes. The lines across the
boxes indicate the median

Fig. 2 Box-plot of percentage of total time passed at Borg ratings
of perceived fatigue 3 (moderate), 5 (strong) and 7 (very strong) for
patients before and after surgery. N number of subjects in each box.
The boxes represent the interquartile range which contains 50% of
the values. The whiskers show the extremes. The lines across the
boxes indicate the median
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periods of low physical activity are associated with
muscle atrophy [26] and an atrophied back muscle is
susceptible to fatigue. Muscle fibre composition might
be one cause. Of the patients with low back pain, men
have a lower I:II fibre-size ratio than women, which is
similar to the differences for healthy subjects [40, 60].
But compared to healthy subjects, low back pain pa-
tients have a lower proportion of type I fibres accom-
panied by a higher proportion of type II [43, 41]. The
female patients of the current study could be expected to
have lower proportion of type II due to gender and type
I due to the disc herniation resulting in reduction of both
types compared to the men, giving shorter endurance
times than for men and may be also their lower initial
MF. It is also possible that some changes reached sig-

nificance in men but not in the women because of the
larger numbers of men.

On entry to the study, the female patients had sig-
nificantly worse physical status, i.e. lower endurance and
rated more ability limitation than men. No significant
difference was found for pain duration before surgery.
This combination of findings has also been found for
patients with low back pain without sciatica [44]. The
women might have responded to their disc herniation
with more activity limitations than the men since re-
duced physical capacity was most prominent in the
women. These gender differences might be explained by
the fact that women are at greater risk of pain-related
activity limitations than men, have a stronger pain-re-
sponse through health-related activities [62] and ‘‘pain-
catastrophize’’ to a greater extent [56].

The different approaches for the endurance times
longer or shorter than 15 s might be of concern, espe-
cially for short measures exceeding 15 s. There were six
measures under 1 min. Of those, four measures were
under 15 s (7, 8, 13 and 15 s, respectively) and two was
25 s. For one 25 s, there would be an error of 8%. We
do not think that this would influence the relationship
between endurance time and other parameters on a
group level.

That endurance time and Borg rating were correlated
shows that the endurance time depends on the subject’s
perception of fatigue. Endurance time is influenced by
psychological factors, which might affect the subject’s
motivation [38]. The slope, does not depend on the
endurance time and therefore not affected by motiva-
tion, which explains its low correlation with Borg ratings
for the current patients. In a review, Gandevia [21]
suggested a definition of muscle fatigue ‘‘any exercise-

Table 5 Spearman correlation coefficients for Borg ratings of fa-
tigue at 1, 2 and 3 min versus endurance time, L1 and L5 slope, L1
and L5 decrease for patients before and after surgery

Borg
1 min

Borg
2 min

Borg
3 min

Endurance

Endurance time
Before surgery )0.36 )0.62 )0.61
After surgery )0.55 )0.68 )0.72

L1 slope
Before surgery )0.24 )0.03 )0.22 0.02
After surgery )0.37 )0.22 )0.21 0.35

L5 slope
Before surgery )0.28 )0.17 0.03 0.41
After surgery )0.18 )0.13 )0.34 0.26

Correlation coefficients ‡0.50 are in bold. The number of subjects
were before surgery 1 min (n = 37), 2 min (n = 32), 3 min (n =
21), after surgery 1 min (n = 36), 2 min (n = 30), 3 min (n = 21)

Table 6 Spearman correlation coefficients for endurance time and L5 slope versus physical activity, Roland–Morris disability ques-
tionnaire, Oswestry disability questionnaire, self-efficacy scale and SF-36 before and 4 weeks after surgery for men (n = 25) and women
(endurance time n = 11, L5 slope n = 10)

Men endurance
time

L5 slope Women endurance
time

L5 slope

Before After Before After Before After Before After

Physical activity 0.53 0.42 0.04 )0.02 0.70 0.71 0.27 0.39
Roland–Morris )0.54 )0.36 )0.38 )0.03 )0.60 )0.91 )0.02 )0.77
Oswestry: )0.34 )0.38 0.16 0.09 )0.58 )0.88 )0.27 )0.53
Self-efficacy scale: 0.14 0.37 0.15 )0.01 0.52 0.83 )0.22 0.38

SF-36
Physical functioning 0.28 0.32 0.26 )0.22 0.62 0.73 0.12 0.36
Role-physical 0.17 0.66 0.24 )0.01 0.30 0.77 )0.17 0.56
Body pain 0.24 0.52 0.32 )0.02 0.10 0.78 )0.42 0.86
General health 0.25 0.05 0.07 0.23 0.58 0.39 0.33 0.40
Vitality 0.42 0.28 0.10 0.14 0.19 0.53 0.29 0.64
Social functioning 0.15 0.18 0.19 )0.10 0.61 0.62 )0.39 0.53
Role emotional 0.28 0.35 )0.33 )0.22 0.09 0.59 )0.08 0.47
Mental health 0.46 0.05 )0.11 0.05 )0.08 0.39 0.24 0.57

Correlation coefficients ‡ 0.50 are in bold. Significant correlation was | r| > 0.41 for men and | r| > 0.60 for women
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induced reduction in the ability of a muscle to generate
force or power; it has peripheral and central causes’’. We
therefore believe that a combination of subjective and
objective measures is needed to fully assess muscle fati-
gue.

When the patients rated five on the Borg scale the
percentage of total endurance time passed was about
60% and the percentage of MF decreased about 70%.
Clinically, patients do not have to perform to their
endurance limit but the endurance time to Borg rating
five could be used. The patients’ relative endurance time
and MF were 10–20% higher than the healthy subjects’
from our former study were [10]. This might be ex-
plained by some of the healthy subjects rating ten for
several minutes before ending the test. When the patients
reached ten, they were probably at their performance
limit. Individual coping strategies are important for the
development of pain in the neck and back and for the
rehabilitation of patients with chronic pain [34, 35].
A person’s reaction to a pain stimulus depends not only
on earlier experience of pain but also on physical
activity. Analogously, it seems reasonable to assume
that subjective ratings depend on earlier experience of
physical exertion and of coping with them. Motivation
along with tolerance of discomfort is very important
[17]. A low tolerance of discomfort may lead to low
motivation and therefore a higher fatigue rating on the
Borg scale.

The interaction between endurance time with activi-
ties and participation was evinced in moderate-to-high
correlation coefficients for some questionnaire answers.
The L5 slope was moderately correlated to activity
limitations only in women after surgery. Earlier studies
have shown the relationship between impairments,
activity limitations and participation restrictions to be

weak for patients with low back pain [16, 24, 44, 46, 47].
Also, the specific impairments fatigue and endurance
have low correlation coefficients with the Oswestry
questionnaire and the Roland–Morris questionnaire [16,
24, 44]. The moderate-to-high correlation between
endurance time and some activity limitations and par-
ticipation restrictions for the present patients might be
because only patients with lumbar disc herniation were
investigated. For many patients, the leg pain was more
bothersome than the back pain. Clinically, patients with
lumbar disc herniation are therefore not comparable
with other patients with low back pain. Patients devel-
oping chronic low back pain are more affected by psy-
chosocial factors, especially coping strategies than other
patients with low back pain [6]. Also, the pathogenesis
and treatment could influence their situation. Our pa-
tients had a clear diagnosis and were about to receive
treatment to ‘‘cure’’ their pain ‘‘overnight’’. Hence, they
might have had a positive attitude, which influenced
both their endurance performance and their question-
naire scores.

Conclusions

We conclude the main findings of the current study to be
that:

– Back muscle fatigue improved with surgery for men
with lumbar disc herniation.

– Both subjective and objective measures are needed to
fully describe the back muscle fatigue.

– A moderate-to-high correlation between endurance
time and activity limitations exists in patients with
lumbar disc herniation.
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